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Foreword

This document is the Offshore Wind Accelerator Recommended Practice for floating LIDAR systems.
Floating LiDAR systems (FLS) have emerged as wind resource assessment tools for offshore wind
farms, with the potential for greatly reduced installation costs compared to fixed met masts in some
cases. The challenges that FLS face and have to overcome to be considered as effective wind
measurement options can broadly be grouped in two categories:

The movement of the sea imparting motion on the LiDAR, and the subsequent challenge of
maintaining wind speed and direction accuracy;

The remoteness of the deployed system necessitating robust, autonomous and reliable
operation of measurement, power supply, data logging and communication systems.

There is no standard that describes how a FLS should be deployed to get the best quality data for a
wind resource assessment. A recommended practice document is therefore required to guide the
use of FLS as a data source in wind resource assessments that lead to predictions of annual energy
production. This document directly uses and builds upon a previously issued collection of
recommended practices, which was issued by IEA Wind', and should be considered as a further
development of recommended practice with greater detail provided in many areas.

The goal of this document is to codify existing industry and academic best practices to help ensure
that the best quality FLS data are made available for use in the wind energy resource assessment
process.

This document has been developed by a group of FLS expert practitioners and reviewed by
experienced industry stakeholders.

' IEA Wind Annex 32 Work Package 1.5, "State-of-the-Art Report: Recommended Practices for Floating LiDAR
Systems”. Issue 1.0, 2 February 2016.

http://www.ieawindtask32.ifb.uni-stuttgart.de/wp-content/uploads/2016/01/IEA-StateOfArtFloatingLIDAR-
2Feb2016 v1.0.pdf



http://www.ieawindtask32.ifb.uni-stuttgart.de/wp-content/uploads/2016/01/IEA-StateOfArtFloatingLIDAR-2Feb2016_v1.0.pdf
http://www.ieawindtask32.ifb.uni-stuttgart.de/wp-content/uploads/2016/01/IEA-StateOfArtFloatingLIDAR-2Feb2016_v1.0.pdf
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Important notice and disclaimer

This report is issued by the Carbon Trust on behalf of the Offshore Wind Accelerator ("OWA”).
While reasonable steps have been taken to ensure that the information contained within this report
is accurate, the authors, the Carbon Trust, and its agents and consultants and the partners and
developers within the OWA (and each of them], to the fullest extent permitted by law, shall not have
nor be deemed to have (1) a duty of care to readers and/or users of this report, (2) made or given or
to make or give any warranty or representation (in each case whether express or implied) as to its
accuracy, applicability or completeness and/or (3) or have accepted any liability whatsoever for any
errors or omissions (whether negligent or otherwise] within it. It should also be noted that this
report has been produced from information relating to dates and periods referred to in it. Users
and readers use this report on the basis that they do so at their own risk. The intellectual property
rights in this report shall be deemed, as between readers and user of this report and the Carbon
Trust, to belong to the Carbon Trust.

Published in the UK: October 20126

© The Carbon Trust
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Nomenclature

Abbreviations

AIS Automatic Identification System, a radio-based marine vessel identification system

CNR Carrier-to-Noise Ratio

EV Environmental Variable

FLS Floating LiDAR system, or floating LIDAR systems

GPS Global Positioning System

KPI Key Performance Indicator

LiDAR Light Detection and Ranging, also ‘LIDAR’

Met mast Meteorological mast, or tower

MS Method Statement

OEM Original Equipment Manufacturer (in this context of the FLS)

RACON A radar transponder (from RADar and beaCON] used to mark maritime navigational
hazards

REWS Rotor-Equivalent Wind Speed

RSD Remote Sensing Device, here meaning LiDAR and/or Sodar

Sodar SOnic Detection and Ranging, or SOund Detection and Ranging, also 'SODAR’

WRA Wind Resource Assessment
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1 Introduction

Wind resource assessment is a maturing discipline, important to investment decisions in wind farm
development, which uses a range of information sources. Traditionally, for both onshore and
offshore wind farms, sensors mounted on meteorological masts (“met masts”) have been regarded
as the preferred information source, and often used to characterise local wind regimes in advance
of constructing large wind farms.

At the time of writing (2015/16), there is no formal wind resource assessment standard. Instead,
processes for measuring the wind speed and direction and subsequent performance of a wind
turbine at that site are largely based on the International Electrotechnical Commission (IEC) 61400
family of standards [2,3]. These standards require that wind speed measurements be made using
calibrated mechanical cup anemometers that have a documented response to changes in
environmental conditions. The standards also require that wind direction measurements be made
using wind vanes. The use and deployment of cup anemometers and vanes is backed up by
calibrations (e.g. MEASNET [4]), an extensive and well-developed body of knowledge about how they
perform under different environmental conditions, well-established standards for use, and an
experienced user-community.

Non-traditional remote sensing measurement devices are being increasingly used in wind resource
assessment. The two types of device in most common use are LiDAR (also ‘LIDAR’, from Light
Detection And Ranging) and sodar (also ‘'SODAR’, from SOnic Detection And Ranging, or SOund
Detection And Ranging). They can characterize the wind resource at multiple heights from near
ground to above typical wind turbine hub heights. The deployment of remote sensing may provide
wind project developers with useful information that can be used to reduce the costs associated with
wind data collection at heights greater than can be achieved using traditional monitoring towers.
The use of remote sensing as part of a well-planned and properly implemented wind resource
measurement campaign involving a diverse suite of measurement techniques may also contribute
to the overall reduction of uncertainty in a formal wind energy production assessment.
Unsurprisingly, as there is no general formal wind resource assessment standard, there is no
formal standard for the use of LIDAR and sodar in that context either. However, an |[EA Wind
recommended practice [5] has been developed which represents a significant milestone on the route
towards a standard for this technology.

1.1 The need for a recommended practice

Floating LiDAR systems (FLS) have emerged as wind resource assessment tools for offshore wind
farms, with the potential for greatly reduced installation costs and timescales compared to fixed
met masts in many cases. The technology is not yet fully mature and there are a number of systems
and concepts; at the time of writing (2015/2016) a number of systems have been deployed on “real”
wind resource assessments, a greater number have recently undergone, are currently undergoing,
or are planned to undergo sea trials, and still further systems are under development. Despite all
these activities, compared to the use of cups and vanes for wind resource assessment, or even
compared to the use of LiDARs for onshore projects, the level of usage and associated expertise is
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currently still small. The challenges that FLS face and have to overcome to be considered as effective
wind measurement options can broadly be grouped in two categories:

The movement of the sea imparting motion on the LiDAR, and the subsequent challenge of
maintaining wind speed and direction accuracy;

The remoteness of the deployed system necessitating robust, autonomous and reliable
operation of measurement, power supply, data logging and communication systems.

There is no standard that describes how a FLS should be deployed to get the best quality data for a
wind resource assessment. A recommended practice document is therefore required to guide the
use of FLS as a data source in wind resource assessments that lead to predictions of annual energy
production. This document directly uses and builds upon a previously issued collection of
recommended practices, which was issued by IEA Wind [1], and should be considered as a further
development of recommended practice with greater detail provided in many areas.

This document is described as recommended practice rather than best practice for two reasons.
Firstly, the track record of FLS deployments is relatively short, so the evidence base for asserting
“best” as opposed to “currently recommended” practice does not exist yet. Second, this document
is more authoritative and comprehensive in some areas than in others, so is not thought to be
complete enough (yet) to qualify as best practice. This last point is expanded on in Section 1.6.

1.2 Document Goal

The goal of this document is to combine and codify existing industry and academic good practices,
and elements of related standards and guidelines, to help ensure that the best quality FLS data are
made available for use in the wind energy resource assessment process. This includes practices to
reduce the uncertainty of data and practices promoting high data availability during a measurement
campaign.

1.3 Calibration, Verification and Validation

It is useful to introduce some definitions of commonly used words for which meaning often overlaps
in common usage:

Calibration: operation that, under specified conditions, in a first step, establishes a relation
between the quantity values with measurement uncertainties provided by measurement
standards and corresponding indications with associated measurement uncertainties and,
in a second step, uses this information to establish a relation for obtaining a measurement
result from an indication

Verification: provision of objective evidence that a given item fulfils specified requirements

Validation: verification, where the specified requirements are adequate for an intended use.
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These definitions come from the International Vocabulary of Metrology [6]. To provide some context,
in the IEA Wind recommended practice for the use of remote sensing devices [5], verification is
widely used for the act of comparing Remote Sensing Device (RSD) measurements against those
from cup anemometers, and calibration is used for example as the act of relating a cup
anemometer’s rotational speed to a measurement standard wind speed in a wind tunnel. As such
these uses are consistent with the above definitions. It is noted also that although the use of the
word validation is absent from [5], verification is always carried out with the purpose of validating
the device for a specific use, therefore the terms are very similar in meaning in this context.

For the current purpose concerning FLS, we will prefer the term verification as the act of obtaining
confidence in a system’s measurement accuracy, by comparing with measurement results from
other systems with established accuracy, which will be, or will be derived from, a calibrated
measurement device.

1.4 Applicability

This document is designed to guide the use of LIDARs mounted on floating platforms for the
resource assessment phase of an offshore wind farm development, or for trials of such systems
intended for that application. In this context, the LiDAR is assumed to be of the types currently in
most common use for this purpose, i.e. of fixed scan geometry and vertically-profiling. As well as a
location to site the LIDAR, the floating platform is assumed to house or mount associated systems
suitable for autonomous operation, namely power and communication systems. The floating
platform itself is assumed to consist of a tethered buoy, which is inclusive of both quasi-static (“spar
buoy”) and more standard marine buoys which float on the surface and move substantially with
waves (here called a “marine buoy”), as well as any other buoy. Figure 1 provides a schematic figure
of some typical buoys.

The LiDAR types assumed here are consistent with the LIDAR types considered in the Remote
Sensing Device (RSD) recommended practice [5], namely LiDARs which measure a vertical profile,
and excludes those measuring in a horizontal manner. Furthermore, in this document it is assumed
that the FLS supplier provides mean wind speed and direction data for a specific height over a period
of time, which is assumed to be a 10 minute period. The derivation of time-averaged quantities from
instantaneous quantities by the end user is not recommended. To relate this document to that for
RSD recommended practice [5], here the focus is on using Time-averaged wind vector data (section
5.1.3 of [5]) rather than Instantaneous wind vector data (section 5.1.2 of [5]).

Use of FLS for other purposes (for example wake effects or power curve studies) is not directly
addressed by this document, however some of the practices presented here may be helpful in
guiding such deployments.

As stated above, guiding the use of FLS for wind resource assessment (or trialling of a FLS with that
purpose in mind) is the overall purpose of this document. In so doing, all of this document will be of
interest to the Original Equipment Manufacturers (OEMs) of FLS. In particular, new entrants to the
OEM market will find configuration advice on the make-up of a FLS in Section 2, and OEMs at the
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point of supplying their systems or services will find advice on how to characterise their FLS in
Section 3.

il zan
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|

Figure 1: Quasi static spar buoy (left] and more standard marine buoy (right].
Note that other buoy designs are possible.

1.5 Limitations

The recommended practices in this document are intended to complement training and
documentation provided by FLS manufacturers or suppliers. This document has been written
assuming that the reader is familiar with the basic process of wind resource assessment and typical
wind instrumentation, and is not intended to be a ‘how-to’ guide for the process of wind resource
assessment. This document does not provide information on when to use a FLS in preference to or
in combination with other measurement systems.

Use of FLS for the measurement of wind speed and direction is within scope; as their use for other
purposes including measurement of turbulence and gusts is at a far lower level of maturity this is
not within scope. (However, some related notes and advice do appear in this document as it is
prudent to manage such measurements well, even if we have to wait for understanding to develop
on how to confidently exploit the data.)

The recommended practices are not provided as a complete set of all practices to be adopted to
ensure a successful wind measurement campaign using FLS; rather, they are a collection of
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individual recommended practices which have emerged from the expert and user community whose
adoption will benefit the industry as a whole and provide a useful benchmark.

Most importantly, in areas where there are safety implications, for example (but not limited to)
system deployment and mooring, observations and recommendations are made here from the wind
resource assessment point of view, and these are not commensurate to safety guidelines.

1.6 Using this document

This document is structured such that the subject matter is presented in an order notionally
consistent with a project timeline for a FLS deployment. This order and the main section headings
are summarised in Figure 2. An overview of each of these sections is described below:

Configuration. There is sufficient industry experience to inform requirements on the make-
up of the FLS, for example which components should be present and what their specifications
should be; these are detailed in this section.

Characterisation. There are a number of different FLS models available from different
suppliers, and each model has its own characteristics. These characteristics should be
detailed by the FLS OEM so that the procurer of an FLS or of FLS services has a good
understanding of what they are procuring. Also, in the event of problems arising during
deployment there is a desire to understand the issues and determine a remedial plan of
action, and experience has shown that having a written system description at an appropriate
level of detail can be of real benefit. This section details the information which should be
supplied by the OEM in order to characterise the system to an adequate level. This
characterisation is in broad terms a detailing of the elements of the Configuration section,
and the data provided is an important part of Assessment of Suitability.

Assessment of Suitability. This section describes recommended practices for determining
whether a candidate FLS is suitable for deployment in an offshore FLS trial or for WRA
purposes. This consists of evaluating the information provided by the OEM (Characterisation),
and refers to the OWA Roadmap [7].

Trial Campaign Design. This section describes recommended campaign parameters for the
case where the purpose of the deployment is to trial a FLS, and refers to the OWA Roadmap
[7]. Specification for recommended reference measurement systems is included in this
section. (Note that the use of a LiDAR as a trusted reference source is allowable.)

Wind Resource Assessment Campaign Design. This section describes recommended
campaign parameters for the case where the purpose of the deployment is to support wind
resource assessment.

Trials Results Assessment. If the purpose of the deployment is to trial a FLS, the question
arises as to how to best assess the results of that trial. This section describes the required
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data processing and comparisons and also relevant compliance and acceptance thresholds.
This section also refers to the OWA Roadmap [7].

Wind Resource Assessment. Recommended practice in processing and accepting the
measured data in support of wind resource assessment is described here.

Planning and Permitting. This section sits outside the main flow of the document, and
collects experiences in obtaining the necessary planning consent, permits and/or licenses
for the deployment of a FLS.

As indicated on Figure 2, three different reader objectives, and routes to those objectives, are
considered:

Planning and performing a FLS Trial - Red Route.

Planning and performing a wind resource assessment campaign using a FLS, where trialling
the FLS has not yet been performed and is part of the planned campaign - Green Route.

Planning and performing a wind resource assessment campaign using a FLS, where a FLS
trial has already been successfully performed - Blue Route.

It is recognised that this collection is more comprehensive and therefore authoritative in certain
sections than in others. Iltems relating to installation, licensing, and safety are in particular advisory
in nature and fall well short of being comprehensive. For this reason these topics feature in the
Recommendations for Future Work section, along with a collection of other points.

This document highlights two different results in the text with an underlined, bold label and number.
For example:

Note 1. These points are for information only and may explain or expand on a recommended
practice. They may also highlight where more research or development is required.

RP 1. These points are the specific recommended practices that should be followed.
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2. CONFIGURATION
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Figure 2: Layout of this document and notional project timeline. Red, Blue and Green routes
are described in Section 1.6.
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work and from which much of the layout and style and indeed some of the introductory material has
been borrowed. This recommended practice builds on information that is publicly available,
including results from floating LiDAR trials reported in peer-reviewed journal and conference
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are cited in the text and a complete list of references is given in the Bibliography (Section 10). The
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materials.
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2  Configuration

There is sufficient industry experience to inform requirements on the make-up of the FLS, for
example which components should be present and what their specifications should be; these are
detailed in this section.

This section is closely related to Section 3 and Section 4, where characterisation and suitability
assessment recommended practices are described.

2.1 Using this Section

For those planning to use a FLS for wind resource assessment, or planning to trial a FLS for that
purpose, this section is useful for:

Providing a general background on the recommended make-up of FLS systems;

Providing a means to perform an initial assessment of the suitability of a candidate FLS
system.

This section should also be useful for FLS OEMs or potential FLS OEMs, particularly those
considering entering the supplier market, as it provides a general perspective on the requirements
of the system make-up.

Note that the related topic of the information which the FLS supplier should provide is described in
Section 3. Also, recommendations on how to make a detailed assessment of FLS capability is
described in Section 4.

2.2 Overall Configuration

RP 1: Essential Components.

The FLS should consist of the following essential components:
LiDAR;
FLS operating system;
Power system;
Data logging and communication;
Floating platform;
Safety system;

Station-keeping system.
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The supplier of the FLS should supply all components as an integrated system; integration of
individual components by the owner / customer is not recommended. All components should be
suitable for use in a marine environment and have certification and/or warranties that meet the
planned campaign duration. A schematic drawing of a FLS and its components is given in Figure 3.

1Lidar

2 FLSperatingsystem

3 Energygenerationsystem
4 Energystoragesystem

5 Dataloggingsystem

6 Communicatiorsystem

7 Floatingplatform

8 Stationkeepingsystem

9 Sensors

10 Motion compensation

Figure 3: Schematic drawing of a FLS and its components.
Note other buoy designs and mooring systems are possible.



Recommended Practices for Floating LiDAR Systems 29

RP 2: Wave Sensors.

The FLS should also feature wave sensors, or alternatively be deployed in conjunction with separate
wave sensors. [The specific metocean characteristics which should be available are those specified
in Section 5.4.)

RP 3: Modular Construction.

It is advisable to modularise the construction to allow offshore replacement (assuming suitable
conditions) rather than full recovery of the FLS. This applies to the LiDAR unit, batteries, renewable
power generation units, communication components and data logger as a minimum.

RP 4: System Redundancy.

It is advisable to consider system redundancy in the overall scheme design, for example in the power
generation and storage system, data storage and communications systems.

2.3 LiDAR System

Note 1: General standard of LiDAR.

The capability of the type of LIDAR unit being employed should meet current industry expectations
in onshore and/or offshore fixed platform configurations. A batch-produced model which has
demonstrated its suitability for use in a marine environment will inevitably be considered less risky,
in terms of reliability, than a one-off prototype system.

RP 5: Model of LiDAR is accepted in the industry.

The model of LIDAR on the FLS should have a history of successful use in wind resource
assessments. Mass-produced systems that have a stable engineering design are recommended
over prototype systems.

Note 2: Presence of motion compensation.

The FLS may or may not include motion compensation systems. In either case evidence should be
provided which justifies the design (see Sections 4.2 and 4.3).

2.4 Power System

RP 6: Power sources.

All FLS should include an intelligent power system that prioritizes safe operation of the FLS. For
example, navigation lights should have priority over other systems in low-energy situations.

Note 3: Considerations for power sources.
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The power requirements of the FLS could be met by a number of power sources. The most commonly
used power sources are a combination of renewable (solar and wind) devices used in conjunction
with rechargeable batteries and/or fuel cells. Liquid-fuelled generators are also used in some
systems.

Performance of on-board wind turbines can be less than anticipated, probably due to aerodynamic
interference from the structure itself.

Wind turbine blades are susceptible to damage from water impact during storms.

Independent solar-powered navigation lights are available as primary or backup lights. These can
provide some redundancy in the FLS lighting in the event of catastrophic power system failure.

Solar panels may be susceptible to impact damage if not adequately protected for the installation
and storage methods chosen.

Bird fouling and marine growth (e.g. algae) has been known to seriously degrade solar panel
performance. The circumstances in which this can happen, and design measures to prevent or
mitigate this effect, do not appear to be well understood in the industry.

Bird spikes can be effective in prevention of bird fouling.

An under-estimation of power requirements, and over-estimation of renewable power source
effectiveness, have been known to cause availability problems.

The relative motion between the floating platform and a stabilised LiDAR device can cause wear and
damage to cables.

Note 4: Design of the energy generation and storage system.

There are multiple approaches to ensuring that adequate power is available to the FLS at all times.
Different combinations of generation and storage capacity, redundancy, and robustness may all
result in a satisfactory system. The ease or difficulty of swapping out components, and distance from
port, may also be factors. For these reasons no specific combination is recommended.

The primary objective of the power system is to provide adequate power for the entire campaign to
ensure no interruptions in system and data availability. This is why it is essential that the FLS
provides multiple power supply sources. In the event of damage or loss of one of the power supply
sources there should be an independent back up power system that keeps the FLS functioning until
the damage can be repaired, which can sometimes be several weeks or months depending on
weather conditions and season at the specific measurement site.
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RP 7: Design for battery replacement.

All systems should be designed with ease of battery replacement considered. Cabinets should be
easily accessible for opening/closing and re-sealing. The seals should be tested onshore as a seal
failure short circuits the batteries. Opening and closing of the seals should not affect the
functionality of the seals offshore.

2.5 Data Logging and Communication

RP 8: Data logging system.

The data logging system should have on-board storage capacity sufficient for the planned duration
of the deployment, with an extra 3 months of storage for contingency. |deally the FLS should provide
data redundancy capacity where the primary data storage device can be backed up to a secondary
storage device (to avoid data loss should the primary data storage device become damaged or
corrupted).

RP 9: Communications system — real time.

The communications system should enable data transfer to shore in real time, or close to real time.
If power or bandwidth is limited, a subset of diagnostic data that includes system performance and
health should be defined and take precedence over other data.

RP 10: Communications system - redundancy.

The communications system should have more than one channel of communication (e.g. cell phone
network protocols, satellite communications, radio). Switching between channels of communication
should be automatic or under remote control.

RP 11: Communications system — wireless.

The communications system should include a wireless communication channel suitable for use from
a nearby work boat.

2.6 Ancillary Measurement Equipment

RP 12: Wave sensors.

It is essential that, while the LiDAR unit is recording wind speed and direction, the sea state is also
simultaneously measured, and those sea state data are recorded. This could be achieved through
sensors mounted on the floating platform, or through other sensors deployed separately in the
vicinity. Wave sensors should be designed for marine conditions. Wave sensors should have a history
of successful use in meteorological and oceanographic applications. Mass-produced systems that
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have a stable engineering design are recommended over prototype systems. (Details of the
metocean measurements required are included in Section 5.4.)

RP 13: Secondary wind speed and direction sensors.

It is essential that, while the LIiDAR unit is recording wind speed and direction, secondary sensors
are recording the same quantities for use as a cross-check to verify operation. Cup anemometers
and wind vanes or sonic anemometers deployed 1 to 3 m above platform level are sufficient for this
application.

Note 5: Other data sensors.

In addition to the LIiDAR and wave sensors, it is recommended to have additional sensors on the FLS
to provide additional wind resource data, to understand the LiDAR performance, and to provide a
broader dataset to support future data analysis. Examples of additional data that may be required
include:

Air temperature;

Humidity;

Air pressure;

Vertical air temperature profiling - acknowledging that this is currently difficult to achieve;
Buoy motion;

Video (e.g. to monitor bird fouling, or remote from the FLS to monitor overall status).

With respect to FLS trials, where FLS wind measurements are compared with those from reference
systems, specification for recommended reference measurement systems is included in Section 5.

2.7 Floating Platform

RP 14: Safe access to the FLS for personnel.

In the case where maintenance access onto the buoy for personnel is required, the floating platform
should have provision for safe boarding, including access points and space for at least two people to
board the platform and access all systems. Safety features such as handrails, attachment points,
and fenders should be part of the design.

It must be possible to verify before boarding that the FLS buoy is de-energized. This reduces the risk
of electric shock due to shorts to the buoy hull and other faults.
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RP 15: Access from work boats.

The floating platform should be accessible from a variety of work boat sizes and types (which should
be specified by the supplier, see Section 3.7).

Note 6 : Emergency assistance for injured personnel

It is noted that should a person become unconscious, or unable to disembark the FLS unaided, it
may be required to have 3 people on the FLS (the injured party and 2 others acting as rescuers). The
design assessment should take this into account. Consideration should also be given to rescue of
casualties and transfer back to a work boat of stretcher bound and/or unconscious casualties.

Note 7: Risks of damage to the FLS.

FLS systems have been damaged by sea mammals and subject to vandalism. The risk of damage
due to these causes is very dependent on location. The design should be resistant to tampering and
damage, and utilize tamperproof screws, locked hull compartments and dry boxes, and underwater
or out-of-reach sensor mounts.

RP 16: Navigation aids.

All buoys should have aids to navigation that conform to local requirements. These may be specified
by the Coastguard or local equivalent. Also consider use of radio or radar-based identification
systems such as AlS and RACON.

RP 17: Watch circle monitoring.

The FLS should monitor its location within a specified watch circle using GPS or equivalent. If the
FLS moves outside this watch circle, an emergency notification should be sent to shore via
communication channels. This message should include the location of the buoy. This information is
required to warn shipping and aid in recovery.

2.8 Station Keeping

Note 8: Station keeping considerations.

Station keeping can be achieved through active or passive means. Active station keeping can be
achieved through dynamic positioning using motors. However, passive station keeping is obviously
more common, and typically takes the form of a mooring (anchor plus mooring line). Buoy motion in
either case is restricted to an area known as the watch circle. In general the watch circle size may
be reduced by using more than one mooring (e.g. a two point mooring) which also adds redundancy.
Multipoint moorings are limited to shallower water, are more complicated to deploy/recover
(including precise placement of the anchors) and usually twice as expensive as single point
moorings. The benefit of this mooring is the reduced watch circle of the buoy and relatively fixed
orientation of the hull if this aspect is important.
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However, if all things considered allow for a single point mooring, this will make for the least
complicated deployment and recovery logistics from minimizing the vessel requirements (no
dynamic positioning required for station keeping; simpler deployment procedures), reduced time to
deploy and recover and potentially expanded operational weather window [i.e. one does not need as
calm conditions especially when the buoy is taken to its final position).

Note 9: Risk of mooring failure.

There are known instances of mooring or tethering failure, with resulting loss or significant damage
to the FLS, notwithstanding risk to shipping. Such failures are seen as a major risk factor for FLS
deployment.

RP 18: Design of mooring system.

This RP applies only to station-keeping systems of the mooring type. Mooring designs are site
specific. A mooring design is not necessarily transferable from one site to another.

As moorings need to be designed according to local conditions and regulations by qualified experts
- e.g. ocean engineers or naval architects usually provided or sub-contracted by the FLS OEM - the
following design input parameters need to be provided to the experts:

General Statements

All conditions, where applicable, may be 1-, 5-, 10-, or 25-year conditions; as dictated
by data availability and project requirements. Seasonal data may be used for mooring
design intended for short term deployments.

Typically, 50- or 100-year data is a requirement for structural design and may be used
for mooring design, if available.

Data must be identified as measured (i.e. - monitoring stations) or modelled [i.e. -
extrapolated or simulated). It is beneficial to include references to who performed
the modelling and to reference the source of the base data set.

The less data available for mooring design, the greater the uncertainty of design.
Where data is unavailable, justification of input design values must be given.

Parameters for Design
Location (Latitude/Longitude)
Depth

Maximum Depth [Chart Depth + Highest Astronomical Tide (HAT) + Maximum
Surge Height]

Minimum Depth [Lowest Astronomical Tide (LAT) or Chart Depth]
Significant Wave Height [Hsig]
Peak Period [Tp]
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Maximum Wave Height [Hmax]
Ocean Current Profile

Surface currents required, water column profile is preferred if available.
Site Bathymetry

Bathymetric survey charts if available, or reference best scale hydrographic
chart of the region.

Navigation Restrictions

Water Circle Restrictions, Unexploded Ordnance (UXO) Risk, or similar.
A third-party review of the mooring design is recommended.

RP 19: Use of suitable mooring components and material.

Only use components of suitable quality (e.g. corrosion-free] from reputable suppliers with shackle
and chain manufacturer certification documents included. In particular, use components of
compatible and consistent material, in order to prevent corrosion e.g. between different grades of
steel for adjacent mooring parts like shackles, rings, swivels, chains etc. Should components of
different steel grades be next to each other, isolation hardware [i.e. - phenolic block, isolation block,
synthetic rope section) should be used to separate the dissimilar components to avoid galvanic
corrosion. All connecting hardware must have stamped rated load limits.

RP 20: Applicable standards and quidelines for the design of mooring system.

In Table 2 a number of most frequently used standards and guidelines for mooring design are listed.

2.9 Transportation of FLS to site

RP 21: Transportation of the FLS.

It is recommended to transport the FLS from the quayside to the deployment site complete and
commissioned to reduce on-site/offshore cost, time and complexity.

RP 22: Towing bridle.

If the FLS is to be towed, reducing the length of towing bridle where possible and minimising
opportunities for snagging are desirable to prevent mishaps in deployment and retrieval.
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Guidelines and Standards Year of
Publication
ABS
Publication 39 Certification of Offshore Mooring Chain 2014
Publication 90 Application of Fiber Rope for Offshore Mooring 2014
Publication 194 Thruster-Assisted Mooring (TAM, TAM (Manual)) for Mobile Mooring 2014
Systems

Publication 205 Pre-Laid Position Mooring Systems 2013
American Petroleum Institute
APl RP 2SK Recommended Practice for the Design and Analysis of Station-keeping 2008
Systems for Floating Structures
API RP 2| In-Service Inspection of Mooring Hardware for Floating Structures, Ed.3 2008
APl RP 25M Design, Manufacture, Installation and Maintenance of Synthetic Fiber 2014
Ropes for Offshore Mooring,
Bureau Veritas
Classification of Mooring Systems for Permanent and Mobile Offshore Units 2015
DNV offshore service specifications, offshore standards and rules
DNV-0S-E301 Position Mooring 2010
DNV-0S-E302 Offshore Mooring Chain 2009
DNV-0S-E303 Offshore Mooring Fibre Ropes 2013
DNV-0S-E304 Offshore Mooring Steel Wire Ropes 2009
IALA
Design of Floating Aid to Navigation Moorings, ID 1066, Ed. 1.1 2010
INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES
Requirements concerning Mooring, Anchoring and Towing 2014
NOAA
NDBC Buoy Mooring Design Manual 2014
UK-HSE
Research Report 219 Design and integrity management of mobile installation 2004

moorings 2013
Offshore Information Sheet No 4/2013 Offshore installation moorings 2005
HSE Safety Notice 3/2005 Floating Production Storage and Offloading (FPSO] -

Mooring Inspection
WMO
GUIDE TO MOORED BUQOYS AND OTHER OCEAN DATA ACQUISITION SYSTEMS by A. 1996

Meindl, DBCP Technical Document No. 8

Table 2: List of applicable guidelines and standards for design of mooring systems
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3 Characterisation

There are a number of different FLS models available from different suppliers, and each model has
its own characteristics. These characteristics should be detailed by the FLS original equipment
manufacturer (OEM] so that the procurer of an FLS or of FLS services has a good understanding of
what they are procuring. Also, in the event of problems arising during deployment there is a desire
to understand the issues and determine a remedial plan of action. Experience has shown that having
a written system description at an appropriate level of detail can be of real benefit. This section
details the information that should be supplied by the OEM in order to characterise the system to an
adequate level, which is known as the FLS data pack. The Configuration section (Section 2) provides
recommendations on how a FLS should be configured; this section provides recommendations on
what information should be supplied to understand how a specific FLS system is configured; and the
data provided is an important part of the Assessment of Suitability (Section 4) of the specific FLS
system.

3.1 Using this Section

For those planning to use a FLS for wind resource assessment, or planning to trial a FLS for that
purpose, this section is useful for:

Assessing whether the detailed information supplied by the FLS service provider is sufficient
to assess suitability;

Ensuring that sufficient FLS information is gathered such that the procurer of FLS services
is in an informed position should operational problems arise.

This section should also be useful for FLS OEMs, as it provides guidance on the nature of the system
information which the FLS user will expect and/or require.

Note that the related topic of recommendations on how to make a detailed assessment of FLS
capability is described in Section 4.

3.2 Overall Configuration

RP 23: Summary of system characteristics.

An overall description of the system should be delivered by the supplier. This data pack should
include at least:

The LiDAR manufacturer and model;

Whether the buoy is of spar-buoy, marine buoy, or any other type;
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Whether motion compensation is employed: if so, what degrees of freedom are
compensated, and whether this is applied in hardware and/or software;

The metocean and/or other sensors included in the FLS;

A signal/data flow chart comprehensively visualizing data acquisition and on-board data
processing including motion compensation;

The on-board power system;

Systems for data storage and retrieval;
The communication channels;

A schematic diagram of the FLS.

RP 24: Supplier assessment of FLS maturity.

The supplier should specify the level of system maturity that is claimed for the overall FLS, according
to the maturity categories defined in the OWA Roadmap [7] and summarised in Table 1A.

RP 25: Supplier evidence of FLS maturity.

The supplier should supply independently verified evidence to support their assessment of the FLS
maturity level. This evidence should include information about wind speed and direction accuracy
and system reliability.

RP 26: Provision of Dimensions and Weight Information.

The data pack provided by the FLS supplier should include detailed drawings and text that include:
The overall dimensions of the FLS when out of the water;

The submerged depth and protruding height (including ranges if applicable] of the deployed
FLS;

The overall weight of the FLS;

Dimensions applicable to the approach of, and access of personnel from, maintenance vessels,
e.g. touchpoints, overhangs, depths, and maximum and minimum heights of vessel fenders;

The watch circle of the deployed FLS (insofar as this can be specified considering availability
or lack of availability of detailed site information).

RP 27: Provision of operating/survivability conditions information.

The data pack provided by the FLS supplier should include:
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The design operating temperature range;

The design operating ranges of metocean conditions (see Section 5.5). This should include
breaking waves conditions;

The design operating range of wind speed;
The design operating range of water depth;

Consequences, including data loss, data accuracy, and system integrity, if these ranges are
exceeded.

The data pack should also include information on the range of conditions (beyond the operating
range) in which the FLS is expected to survive, including any evidence from operational experience.

RP 28: Provision of availability and maintenance information.

The data pack provided by the FLS supplier should include:
The nominal system availability when deployed;
The nominal longevity of a deployment without maintenance visits;

The offshore maintenance regime, including details of consumables and their replenishment
schedule;

The nominal longevity of a deployment before recovery and onshore maintenance is required;

The service interval for the LIDAR system and whether this can be performed offshore or by
returning onshore for factory conditions servicing. Also whether the LiDAR can be safely
removed and/or replaced at sea or whether a harbour visit is recommended;

Advice on proper storage conditions;

Information on any required scheduled maintenance including maintenance schedule, even if
the FLS is not being used.

Note 10 : Competency Assessment of Maintenance Staff

It should be noted that the offshore training requirements for FLS maintenance staff can vary and
additional training may need to be scheduled to satisfy differing national/company requirements.

RP 29: Provision of Method Statement (MS).

The data pack provided by the FLS supplier should include a Method Statement (MS) for the
deployment and recovery of the FLS. Where applicable, the MS should also include a description of
how major components (LiDAR unit, batteries, renewable power generation units, communication
components and data logger as a minimum) can be replaced in situ during an offshore deployment.
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3.3 LiDAR System

RP 30: LiDAR characterisation.

The data pack provided by the FLS supplier should include a full description of the LiDAR employed,
and the associated wind speed and direction measurement. This description should include:

LiDAR-related characterisation, as detailed in RP1 of [5] and not reproduced here.

A detailed description of how the wind direction (in a global reference frame) is to be
determined, noting that the orientation of the LIDAR may vary.

A description of how the wind speed is determined, namely whether it comes directly from
the LiDAR as for a static deployment, or whether there are hardware and/or software motion
compensation, and whether any software compensation is applied automatically or as a post-
processing step. Note that “Motion Compensation” details are required, see below.

If any other quantities are measured by the LIDAR, for example turbulence or gust speeds,
these should also be specified, the manner in which they are determined explained, and any
required post-processing specified.

A detailed description of the data file that is provided to the users which records the
measured data by the LiDAR. (Note that if the FLS uses any form of motion compensation,
then the provided data file may differ from that provided by the LiDAR unit in isolation, but
the same requirement to describe the data file applies).

A detailed description of any applicable or variable filters on data quality, noting that these

may be applied automatically by the system, may be applied as a post-processing step by the
supplier, or may even be applied by the useras a post—*
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